This multisubunit factor, can be resolved in two subcomthat also contain XPB subunit of TFIIH. By competing plexes: the core that contains XPB, p62, p52, p44, and with XPD, the natural partner of p44 within TFIIH, and p34, is bridged by the XPD subunit to the CAK (cdk sequestering p44 and XPB subunits, NSs prevents the activating kinase), in which cdk7, cyclin H, and MAT1 assembly of TFIIH subunits, thus destabilizing the norare present (Zurita and Merino, 2003). TFIIH possesses mal host cell life. These observations shed light on several enzymatic activities: (1) the XPB helicase particithe mechanism utilized by RVFV to evade the host repates in promoter opening; (2) cdk7 phosphorylates sponse. thesis observed upon RVFV infection.
Altogether our results strongly show that RVFV-ZH RNA content was fractionated for the presence of polyA on oligo dT beads column ( Figure 1A ). ZH548 caused a infection inhibits host cell RNA synthesis. Such an inhibition occurs at the basal rather than at the activated reduction in mRNA (poly A plus) synthesis that started at 8 hr p.i. and declined to 20% at 16 hr p.i., whereas transcription level. In addition, our transfection experiments suggest that the viral NSs protein is accountable infection with C13 did not affect mRNA synthesis (left image). We also observed that the synthesis of polyA for such an obstruction. Of note is that additional experiments indicated that NSs ZH as well NSs C13 have no effect minus RNA enriched in ribosomal rRNA was drastically inhibited in cells infected by ZH but not C13 (right image).
on translation when added in in vitro translation assay based on expression of capped or uncapped T7 luciferSince the major difference between ZH and C13 resides in their NSs proteins, we next analyzed the effect ase transcripts (A.B. and M.B., unpublished data (Swanepoel and Blackburn, 1977) , which assess their relative amounts in ZH548 infected nuclear extracts collected at various time p.i. (Figure 2A Confocal microscopy revealed that XPD is not present in the filamentous structure and seems to be excluded determined protein/protein interaction via immunoprecipitation (Figure 4) . The Ab-p44 antibodies crosslinked from the nucleus. XPD has no nuclear localization signal and probably depends on p44 for nuclear entry (Santo agarose beads coimmunoprecipitate NSs with p44, whereas in the absence of p44, NSs flows through in tagati et al., 2001). Thus, we investigated whether the interactions of XPD and NSs with p44 are mutually excluthe supernatant (S) ( Figure 4A, lanes 1-4) . Following the same procedure, we found that neither XPB, a subunit sive. Recombinant p44 was first incubated with an excess of XPD (1 st inc), before immunoprecipitation with of the core TFIIH subcomplex, nor XPD, the interacting According to the above data, we checked whether inhibits cellular RNA synthesis and that the phenomenon is due to its nonstructural NSs protein that targets TFIIH NSs would interact with the entire TFIIH. Recombinant TFIIH produced in insect cells, was immunoprecipitated dependent transcription. using Ab-p62 antibodies crosslinked to agarose beads and further incubated for 2 hr with NSs. After extensive
The RVFV NSs Protein Targets TFIIH-DependentTranscription washing, TFIIH was unable to retain NSs that flows through in the supernatant ( Figure 4C, lanes 1-4) 
1A), and (2) transfection experiments in human cells
It was suggested that the nuclear entry of XPD, which demonstrates the role of the viral NSs protein in the lacks a nuclear localization signal (NLS), is mediated by inhibition of RNA synthesis ( Figure 1B) . one of the other components of TFIIH such as p44, its RVFV NSs activity is mediated through the TFIIH traninteracting partner (Santagati et al., 2001 ). In such a scription factor: (1) a yeast two hybrid screening, identicase, upon RVFV infection, NSs that lacks a NLS (Yadani fies p44 subunit of the TFIIH transcription factor, as a et al., 1999), binds to p44 to be transported to the nutarget for NSs ( Figure 1C) ; (2) in infected cell extracts, cleus leading to the formation of the nuclear filament NSs interacts with p44 in a complex that also contains whereas XPD accumulates in the cytoplasm. Knowing XPB subunit of TFIIH ( Figure 2B) . Such an interaction that XPD/p44 interaction is stronger than the NSs/p44 was also visualized using recombinant proteins ( p44, and p34), thus preventing the reassembly of the One possibility would be to suggest that NSs inhibits TFIIH subunits. We did not favor this hypothesis, since the activity of TFIIH. This seems unlikely, since we found we have never found free TFIIH subunits in our uninthat the specific TFIIH transcriptional activity, evaluated fected cell extracts. Moreover, NSs is unable to target as the ratio between RNA transcripts and TFIIH content, p44 when present in the core TFIIH (S.D., L.P.D.S., and remained unchanged until 20 hr after RVFV ZH548 infec-N.L.M., unpublished data). We thus can propose that tion ( Figure 2C ), a period representing the complete upon viral infection, NSs might prevent the assembly of replicative cycle. We also showed that NSs was unable either newly synthesized TFIIH and/or of the recycled to inhibit TFIIH activity when added in a reconstituted TFIIH subcomplexes. in vitro transcription assay ( Figure 4C ). We thus conclude that NSs neither modifies the transcriptional activ-
The Viral Pathogenesis ity of the multisubunit TFIIH nor dissociates the entire To evade the host response, RVFV "has chosen" to TFIIH.
prevent the formation of the multisubunit TFIIH tranWe rather favor the following hypothesis in which scription factor, the requirement of which is crucial for the RNA synthesis inhibition observed in RVFV ZH548-transcription. It therefore seems logical to assume that infected cells, results from a dramatic decrease of the the inhibition of cellular transcription is responsible for cellular TFIIH concentration. This is in agreement with the toxic effect on the cells. One might expect that the both the Western blot analysis (Figure 2 ) and confocal inhibition of transcription and subsequent gene expresmicroscopy images (Figure 3) . In this case, RNA synthesion are not compatible with cell survival and lead to sis diminishes because TFIIH becomes the limiting faccell death. tor for the transcription reaction. Indeed, a time course A key feature of RVFV in pathogenesis is the antiviral experiment demonstrates that upon RVFV infection, response due to type I interferon (Bouloy et al., 2001 ; changes in the stoichiometry of TFIIH subunits parallel Vialat et al., 2000) . In this fight for supremacy, the issue the synthesis of the NSs protein and the formation of of the war between the cell and the virus depends on the nuclear filament (Figures 2 and 3) . For example, by the viral load and the rapidity of the cellular response. 8 hr p.i., most of the TFIIH subunits including p52, p62, Indeed, we have recently found that NSs subverts the and XPD have disappeared in the nuclear extracts (Fig-IFN ␤ 
cDNA Library Screening
After Western blotting, the intensity of the bands was quantified by A mouse 17 day embryo MATCHMAKER cDNA library (CLONTECH) densitometry using the Fluor-S(TM)-MultiImager (BioRad). pretransformed in Y187 strain was used for screening by mating For immunoprecipitations, the DNase-treated nuclei were swollen with yeast AH109 transformed by pGBKT7-NSs. S. cerevisiae AH109 in 5 mM Tris HCl [pH 7.6] at 37ЊC for 30 min, adjusted to a final strain (MATa, trp1, his3, ade2, leu2, LYS2::(Gal1UASϩTATA)-HIS3, concentration of 100 mM KCl, 1 mM DTT, 0.5% Triton X100, and URA3::(MEL1UASϩTATA)-lacZ/MEL1) and Y187 strain (MAT␣, trp1, sonicated. Insoluble material was eliminated by centrifugation at leu2, URA3:: (Gal1 UASϩTATA )-lacZ/MEL1) were used. Yeast were grown 1600 ϫ g for 3 min. on medium lacking tryptophan, leucine, and histidine (SD medium)
For transcription assays and Western blot analysis ( Figure 2C ), containing 5 mM 3-amino-1,2,4-triazole, a suppressor of unspecific HeLa cell infected at a moi of 2-3 with RVFV ZH548 or C13 or HIS3 expression. Among 8 ϫ 10 6 diploid clones screened, approxinoninfected were washed with PBS and harvested at various time mately 400 colonies grew after 8-10 days in the selecting medium p.i., lysed in 20 mM Tris HCl [pH 7.5], 600 mM KCl, and 2 mM EDTA lacking histidine indicating that they activated the reporter HIS3 containing 0.5% NP40. The whole-cell extract was recovered as the gene and 250 of them were found to activate the second reporter supernatant fraction after centrifugation at 40,000 rpm for 30 min. gene LacZ. Overlay and liquid ␤-Gal assays were performed. The pACT-p44 plasmid expressing p44 (from amino acid 1-184) was rescued after transformation in bacteria and the insert sequenced
In Vitro Transcription Assays Run-off transcription assays were performed using the adenovirus and analyzed with the BLAST computer program. pVP16-p44 containing the VP16 activation domain fused to the entire p44 ORF major late promoter template, the recombinant TFIIB, TFIIE, TFIIF, TBP transcription factors, and the partially purified HeLa RNA pol
